Many studies have reported aberrations such as amplifications, deletions and translocations of 1q21-q23 in ovarian tumors. These findings increase the scientific interest in analyzing this region using specific gene probes. We investigated the frequency of copy number changes of two specific bacterial artificial chromosomes (BAC) clones in 1q21.3 and 1q23.3 by fluorescent in situ hybridization (FISH) on tissue microarrays consisting of 540 ovarian tumors of different malignancies, histology, stage and grade. Such changes in 1q21.3 were established in 9.64% of malignant (2.41% amplification), in 8.33% of low malignant potential (LMP) and in 13.13% of benign ovarian tumors. Copy number changes of 1q23.3 were found in 17.78% of malignant (1.48% amplification), in 16.67% of LMP and in 12.64% of benign ovarian tumors. We found a significantly higher gain of 1q23.3 in non epithelial (50%) compared to epithelial tumors (14.73%) (p <0.03). The gain of 1q21.3 prevailed in non serous malignant and LMP ovarian tumors in comparison to serous tumors. In non serous tumors, both gains were associated with higher grade. The frequency of gain in 1q23.3 was 2.5-times higher than that in 1q21.3 of ovarian cancers.
INTRODUCTION
Cytogenetic studies and spectral karyotyping have shown chromosome 1 to be frequently involved in rearrangements in ovarian tumors [1] [2] [3] [4] [5] . However, specific genes in chromosome 1, of importance for ovarian carcinogenesis, are still not identified. To elucidate the mechanism of carcinogenesis, detailed analysis of gene amplifications and deletions in different cancers is needed. Comparative genomic hybridization (CGH) was introduced in 1992 for identifying DNA copy number changes in different types of tumors with a resolution, higher than that of chromosomal analysis, but of not more than 5-10 Mb [6] . The CGH studies showed its efficiency for discovering the regions involved in carcinogenesis, and eventually for determining their diagnostic and prognostic significance [7] . The CGH analysis of ovarian tumors resistant to standard platinum-based chemotherapy revealed that genetic gain of 1q21-q22 is the most common alteration present [8] . This showed that there are different genetic changes in different groups of tumors and transfer efforts of investigation to analysis of alterations in chromosome 1, which may be of importance for the clinical course of the disease.
1q GAINS IN OVARIAN TUMORS
Consistently higher transcription activity in a new large region of the long arm of chromosome 1 [1q21-q23 (140-160 Mb)] was established in many malignant, including ovarian tumors. For identification of the most common amplified loci of 1q in ovarian tumors, real time polymerase chain reaction (PCR) of 10 gene loci on this arm showed that MUC1 was the most frequently amplified of them and significantly more often in platinum-resistant ovarian tumors (92%) compared to well responsive tumors (21%) [9] . Aberrations involving the region 1q21 have been found in ovarian tumors [10] . These findings increased the scientific interest in analysis of this region using specific gene probes. We investigated the frequency of copy number changes of two specific BAC (bacterial artificial chromosomes) clones in 1q21.3 and 1q23.3 in a large number of ovarian tumors of different malignancy, histology, stage and grade, and correlated these with tumor phenotype.
MATERIALS AND METHODS
Ovarian Tumors for Tissue Microarray (TMA) Construction. A TMA containing 540 ovarian tumor samples from 540 patients was constructed. The average age of the patients in the cohort was 55.25 years. There were 278 malignant tumors, 39 low malignant potential tumors (LMP) and 223 benign tumors ( Investigated Bacterial Artificial Chromosome Clones from 1q and Genes They Contain. We investigated the BAC of 1q21.3-RP11-126K1, of 168,686 bp (http://genome.ucsc.edu/). This contains the following genes: PIP5K1A; RFX5; PIK4CB; SELENBP1, which encode for phosphaditylinositol-4-phosphate-5-kinase α, RFX5 protein (involved in expression of MHC-II), phosphaditylinositol-3-kinase, and Selen-binding protein 1, respectively.
We also investigated the BAC of 1q23.3-RP11-97G24, of 171,855 bp. It contains the genes SLAMF1; SLAMF6; CD84, which encode for signaling lymphocytic activation molecule family member 1 (involved in cytolysis activity of NK cells), signaling lymphocytic activation molecule family member 6, and protein of super family of immunoglobulin receptors, respectively.
Tissue Microarray. For TMA construction, a hematoxilin and eosin (H&E)-stained section was made from each block to define representative tumor areas. Tissue cylinders with a diameter of 0.6 mm were punched from tumor areas and brought into a recipient paraffin block using a custom-made precision instrument [12] . Samples were distributed in Fluorescence in situ Hybridization (FISH). Prior to hybridization the slides were treated with xylene at 37°C, absolute ethanol at room temparature and 1 M sodium thiocyanate at 80°C for deparrafinization and pretreatment. Dual color FISH was performed using the locus RP11-126K1 (1q21.3) clone probe, conjugated with digoxigenin and detected in red, and locus RP11-97G24 (1q23.3) clone probe, conjugated with biotin and detected in green. Labeling of the probes was performed by nick-translation. Denaturation of the DNA was carried out at 75°C for 10 min. (probe mixture) or at 73°C for 5 min. (slides). The probe mixture was applied to the slides and hybridized overnight in a moist chamber at 37°C. The post hybridization washes were performed using formamide 50%/2×SSC. A threestep detection was achieved by blocking non specific signals with block buffer, first detection with FITC-avidin/ mouse anti-Dig, again blocking, second detection with anti-avidin/Dig anti-mouse IgG, blocking, and third detection with FITC-avidin/ anti-Dig rhodamine. The slides were counterstained with DAPI in antifade. The presence of more than five locus signals per cell or tight clusters in at least 10% of tumor cells was considered to connote amplification. The presence of 3-5 locus signals in at least 10% of tumor cells was considered to connote a gain.
Statistical Analysis. The relationship between copy number changes and clinicopathological data was estimated using the χ2 test and the p value was calculated. A p value of <0.05 was required for significance.
RESULTS
Of the 540 ovarian tumors we analyzed by FISH, we found signals in 289 tumors (53.5%) for 1q21.3 and in 240 tumors (44.4%) for 1q23.3. Copy number changes (both gain/amplification) were established in 9.64% of ovarian cancers regarding 1q21.3 and in 17.78% of ovarian cancers regarding 1q23.3.
Amplification of 1q21.3 and 1q23.3 and Degree of Malignancy. We found amplification of 1q21.3 as clusters in four malignant ovarian tumors (2.41%) and none in LMP and benign ovarian tumors. Amplification of 1q23.3 was found as clusters in only two malignant tumors (1.48%). The number of tumors with amplification was too small for statistical analysis.
Gain of 1q21.3 and 1q23.3 and Degree of Malignancy. We found between 3-5 signals for 1q21.3 (genetic gain, which could be due to partial or total trisomy 1) in 11 malignant tumors (6.63%), in two LMP tumors (8.33%) and in 13 benign tumors (13.13%). There was no statistically significant difference between the three groups when analyzing all tumors together. However, in the serous subtype 1q21.3 gain was statistically more frequent (p <0.05) in benign compared to LMP and malignant tumors (18.18 vs. 0.0 and 5.40%). In the non serous tumors there was no significance.
We detected genetic gain of 1q23.3 in 22 malignant tumors (16.30%), in three LMP tumors (16.67%) and in 11 benign tumors (12.64%). In the group of non epithelial tumors, we found significant increase in frequency of gain with the degree of malignancy (benign: 5.55%, LMP: 0%, malignant: 50%) (p <0.04).
Copy Number Changes of 1q21.3 and Histology. Genetic gain of 1q21.3 was found only in epithelial malignant ovarian tumors and not in the small number (seven) of non epithelial ovarian neoplasms. In epithelial carcinomas, there was a trend for significantly higher frequency in non serous carcinomas (12.5%) than in serous carcinomas (5.40%) (p <0.12). The highest frequency was found in mucinous carcinomas (18.18%), followed by undifferentiated carcinomas (16.67%) (data not presented).
In epithelial LMP tumors, there was significantly more frequent genetic gain in non serous LMP tumors (22.22%) than in serous LMP tumors (0%) (p <0.06). The highest frequency was found in mucinous LMP tumors (25%).
The frequency of genetic gain did not differ significantly between epithelial (13.92%) and non epithelial (10%) benign ovarian tumors (Table 2) . In epithelial benign ovarian tumors, there was no significant difference in frequency of genetic gain between serous adenomas (18.18%) and non serous adenomas (12.28%) ( Table 2 ). The highest fre-1q GAINS IN OVARIAN TUMORS quency was found in mucinous (21.43%), followed by serous (18.18%) and endometroid (11.43%) adenomas (data not presented).
Amplification of 1q21.3 did not differ significantly in frequency between serous (2.70%) and non serous (2.08%) ovarian carcinomas. The frequency was highest in mucinous carcinomas (9.09%).
Copy Number Changes of 1q23.3 and Histology of Ovarian Tumors. We found significantly higher frequency of genetic gain in 1q23.3 in non epithelial malignancies (50%) compared to epithelial carcinomas (14.73%) (p <0.03). There was no significant difference between serous (12.5%) and non serous (18.37%) carcinomas. The highest frequency was established in undifferentiated carcinomas (41.18%). In LMP tumors, the frequency of the genetic gain was higher in non serous (25%) than in serous tumors (11.11%) but this did not reach statistical significance. In benign ovarian tumors, epithelial and non epithelial tumors did not differ significantly for 1q23.3 genetic gain (14.49 vs. 5.55%). There was a trend towards higher frequency of the genetic gain in serous (22.73%) than in non serous (10.64%) adenomas.
Copy Number Changes of 1q21.3 and Tumor Phenotype. The frequency of genetic gain in 1q21.3 decreased from stage I to stages II-III (11.11 to 0.0 to 5.40%) without reaching statistical significance for association with the early stage (p=0.1; We did not find an association with histological grades or for genetic gain (G1: 7.40%, G2: 4.22%, G3: 9.30%; p 0.54) or for the amplification (G1: 0%, G2: 4.22%, G3: 2.32%; p 0.3) (see Table 2 ), and similarly for combined copy number changes (genetic gain and amplification). If we took tumors from different grades separately in serous and non serous groups, the genetic gain of 1q21.3 showed a trend towards association with the degree of dedifferentiation (histological grade) in the non serous carcinomas (G1: 7.14%, G2: 0%, G3: 19.05%) (p=0.15) ( Table 3 ). This did not change in the case of different stages of serous and non serous tumors.
We found an association of genetic gain of 1q23. Table 4 ). This association was also present for non serous carcinomas (G1: 9.09%, G2: 0%, G3: 29.63%) (p<0.06) and not for serous carcinomas (G1: 14.81%, G2: 8.11%, G3: 18.75%; p=0.5) ( Tables 5 and 6 ). Single genetic gain for 1q23.3 was detected in 21 tumors (three benign, one LMP and 17 malignant) ( Table 5 and 6 ). The single genetic gain in 1q23.3 was significantly more frequent in ovarian tumors than that in 1q21.3 (p <0.015) ( Table 4) . This was especially evident in the malignant ovarian tumors with gains: three were with combined changes (12%), five with single gain of 1q21.3 (20%) and 17 with single gain of 1q23.3 (68%) (p <0.007) ( Table 6 ).
In contrast to malignant tumors, in benign ovarian tumors, combined copy number changes (referred to trisomy 1) prevailed (frequency of 53.85% for all benign tumors with gains), and the frequency of single gains of 1q21.3 and 1q23.3 were similar (each of 23.08%) ( Table 6 ). The single gain in 1q23.3 occurred only in three endometroid cysts and single gain in 1q21.3 in two endometroid and one mucinous adenoma.
DISCUSSION
This is the first study of copy number changes for specific BAC clones in 1q21.3 and 1q23.3 in ovarian tumors. Such changes in 1q21.3 were established in 9.64% of malignant (2.41% amplification), in 8.33% of LMP and in 13.13% of benign ovarian tumors. Copy number changes in 1q23.3 were found in 17.78% of malignant (1.48% amplification), in 16.67% of LMP and in 12.64% of benign ovarian tumors.
Gain in 1q21-q23 has been reported in other types of tumors, with a frequency of 2-30% for hepatic cancers [13, 14] , of 10% for head and neck cancers [15, 16] , of 4-9% for non small [17, 18] and of 5% for small lung cancers [19] and of 2-8% for bladder cancers [20, 21] . We found the frequency of these alterations for ovarian cancers to be 9.64% for 1q21.3 and 17.78% for 1q23.3. Interestingly, gain of 1q32-q43 occurred in 30-58% of ovarian cancers according to other authors [22, 23] . We suggest that genetic alterations in chromosome 1q in ovarian tumors increases with distance from the centromere and are more frequent in the distal part of 1q.
We found that benign ovarian tumors were affected mainly by trisomy 1, whereas malignant ovarian tumors were affected by more complex rearrangements, in particular in 1q21.3 and 1q23.3. A very small number of benign tumors, particularly endometroid ones, contained such changes, probably because these are pre cancerous lesions. Genetic gain in 1q23.3 was 2.5-times more frequent in ovarian cancers than in gain in 1q21.3. Single gain in 1q23.3 was significantly more frequent in malignant ovarian tumors, possessing gains in the analyzed regions.
Using CGH in primary ovarian cancers, 1q gain was shown in 32% of the cases [23] and in 38% of ovarian cancers [24] . In the latter, 1q22-q32 amplification was found in 29% of tumors. Taking into account the low frequency of amplification in 1q23.3 that we found, the difference is likely due to the amplification of 1q32. We found significantly more frequent gain in 1q23.3 in non epithelial tumors (50%) compared to epithelial tumors (14.73%) (p <0.03). Similarly, 1q gain was considered as the most frequent in germline cell tumors in both sexes, especially in childhood [25, 26] . Gain of 1q was found in six out of 21 (28.5%) malignant germline cell tumors [27] and in three out of four germline cell tumors [28] . In our study gain in 1q21.3 was not established in non epithelial tumors. Our results assumed that gains in 1q23.3 are characteristic of non epithelial tumors, but not gains in 1q21.3.
We found the highest frequency for 1q21.3 in mucinous cancers (41.18%) and for 1q23.3 in undifferentiated cancers (18.18%). The gain of 1q21.3 prevailed in non serous malignant and LMP ovarian tumors in comparison to serous tumors. Another study found that 1q gain associated with the serous type and this is probably referred to the distal region of 1q.
Of particular importance for the clinical course of the disease is the stage and the histological grade of a tumor. In different stage tumors, we found no statistical significance for the gain in 1q21.3, though its frequency decreased from stage I to stages II-III. No association with tumor stage was established for copy number changes in 1q23.3. In tumors with other localizations, such associations were also not found, alterations of chromosome 1 being considered to be non specific [29] except for neuroblastomas, in which gain in 1q23 was closely related to disease progression and aggressiveness [30] .
Copy number changes in 1q21.3 were not associated with histological grade for all tumors taken together, but in non serous tumors there was a trend for association with the higher grade. This association for 1q23.3 showed significantly higher frequency of its gain in higher grade tumors, especially in non serous tumors.
Many investigators considered alterations of chromosome 1 to be non specific. This is probably due to the fact that chromosome 1 contains a large amount of about 2,500 genes and that different regions/genes are altered in different tumors. Thus, information is needed to confirm non specificity. It is necessary to investigate all the loci of chromosome 1 in a large number of tumors in order to determine the most likely candidate genes for ovarian carcinogenesis.
